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FrBservxng lin^txity of a RF power amplifler 



The invention relates to methods and circuits for preserving the linearity of a 
RF powejr ampKfier s» used for example in RF antenna circuits. 

RF antennas as for instance applied in mobile p]ione&, operate in strongly 
varying environments, resulting in a varying antenna input impedance, a VSWR (Voltage 
5 Standing Wave Ratio) of 4: 1 is not uncommon. Especially at high output levels this may 
result in a severe distortion of for instance a CDMA, TDMA, Edge or W-CDMA modulated 
carrier signal having a non-coustant envelope. The main cause of distortion is collector 
voltage saturation of the RF output transistor that occurs when the collector load impedance 
is relatively high. The conventional solution to protect the power anrpKfier of a cellular 
IQ phone against antenna nnsmatch conditions to preserve linearity is to use a circulator. The 
oiroulator secures proper 50 Ohm loading of the power ampKfier under antenna mismatch 
conditions by dissipating the reflected power in the isolator or in the ihird circulalOT port 
temiination. ttitectiviiy in the power flow is created by ffflt>magnetio matedal. 

An other known approach is to apply aftOly adaptive system based on the 
IS polar or cartesian loop. Such adaptive systems are desoibed in literature. Disadvantages of 
. this aiiproaoh are the resulting ratiher high compl^ty and the.required.aocurate.hi^ speed . 
signal processing, operating at RF fi:equeDcies> which leads to a hi^ pow^ consumption. 

The above aspects of the stiite of the art are desocibed in more detail with 
reference to Figure 1 iic^oh shows a basic block diagram used for a pow^ source isolated 
20 with a circulator fiom a misznatched antenaa. The current source and its impedance Zo 
represeaits an ideal pow^ source (RF-tran^stor). 

Thanks to a drculator the reflected power firom the antenna is not reflected 
towards the source^ but dissipated Into the circulator load. Consequently P tenj^ and P 
rfifU^mim ^ 'Will 03 V and I source are ^ero , This avoids extremes that would occur when 
25 iucid^t and reflected waves could add ^ in-phase. Howev^, if it is assumed Qiat P nd has to 
be maintained constant (under control of field strength indication at the base station) the 
inddaut power has to be increased to overcome reflection losses resulting in enhanced signal 
voltage and cutreat at the source. ThuS;, a drculator only partly preserves power ampUfLer 
linearity under anteona mismafsh conditions. 
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Table 1 below shows typical figares tor an ui^edance matching nettvorlc 
insertion loss n 0141011 of 0.7d5, a oitDolator insection loss U ^ of 0.3dB, a radiated output 
power P i«d of 28.5dBm and a nominal source load impedance Zo of 2 Ohm. The figures 
relate to a po'wer amplifier oulput ttrilli circulator for Pout=28dBm and Zo => 20hm. 
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As the figures in Table 1 show, mismatch at fhe anteima does result in 
increMed incident signal voltage and cuirent at Ihe source. For instance, for an VSWR of I 
the average source voltage equals 1.33 Vims or 1.89 Vpk, In edge the modulation peak-to- 
average ratio is about 3.2dB which results in an RF peak voltage of 2.73V which just about 
fits within a 3 V supply and 0.3V collector saturation volta^ For an VSWR of 6 the KF peak 
voltage becomes 1,89*1,414*1.445 =3.86VwMdi does not fit wito a ^ 

]h case of an power amplifier without a circulator^ see Figure 2, antenna 
hupedanoe variations result in load variatians of the source. The maximum source voltage as 
well £0 source cinxexit is eofaanced significantly when the incident and reflected wave are in 

phase; 

The Table2belowshow9t3^>ical figures forannurtch of 0.7dBa^^ of 

20 28,5dBm and 26=*2 Ohm 
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For instance, at a VSWR of 4tl tixe maximum voltage that can occur at the 
5 source is a factor 1-51 (3.6dB) larger fhm under 50 Ohm conditions. In this case approx. 
31.1-29.2=l.9dB signal enhancement is due to oompensafion of the reflection losses and 
approx, l,7dB due to the reflected signal v' source- 

The average source voltage, in this case, equals 2,42Vims whereas the 
collector voltage is only l,66Vmis when a circxUator is used (see Table 1). Therefore, at an 
10 VSWR of 4: 1 a power amplifier without circulator can deliver approrfmately 20*log(2.42/l 
.66)=: 33dB less power for similar maximum signal voltage and current at tiie source than a 
power amplifier with circulator. 

The problems of preserving the linearity of a KF power amplifier as used for 
example in SF anteama circuits are also addressed in liti^ature;, and some sanq>les are given 
IS below- 

US 6»064|266 discloses a load limiting drcmt and mediod fbv limiting the 
output impedance seen by an amplifi^, wherein a load UmitiDg in:qpedance, pre&tably a 
resistor^ is selectively coupled in parallel with the output impedance by a switch circuit, when 
a threshold detect circuit detects the value of the output in:^)edance rising above a 

20 predetemdned value. The output impedance is preferably measured by monitoring the output 
current through a resistor connected in seties with the output impedance. 

US 5^4429322 discloses a control drcuit for a multl-sla^ power amplifier 
Omch as in a portable radio transmitter) compex^ates for fluctuatUnas in anlbient t^perature, 
load^ signal level and power supply voltage. The control voltage is set by comparing a 

25 biasing level which is related to the anq>lLfier hsput signal level to a voltage proportional to 
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l}^e power supply cmrwt of the last stage of the ampMen The control voltage resulting from 
Ike comparison esteblishes the operating point of the last stage of tibe power amplifier. 

US 4,312,032 discloses an apparatus for providing a controlled dynamically 
programmable power level to the real part of a termmating load which may vary in 

5 impedance over a wide range, Immitance monitoring apparatus produces vector signals 

representing rastantaneous measurements of the voltage and cuixent of an RF signal supplied 
to a load by an RF generator. These signals which contain information on the phase 
relationship between the voltage and. current are appropriately processed and then multiplied 
to produce a DC signal which represents the power of the KF signal, Tlie DC sigaal is 

10 employed to control the gain of a variable gain RF amplifier connected between the RF 

generator and the immittance monitoring apparatus. A feedback control loop is thus provided 
which controls the power of the SP signal supplied to the load. By amplifying, or attenuating, 
the signals present at some point in the control loop, the amount of power delivered to the 
load may be selectively varied, 

IS 

It is an object of the invention to provide methods and circuits for preserving 
the Enearfly of a KF power amplifier bs used for example in RF antenna circuits whereby the 
power amplifier can pe(rform» imd^ predetermined load variation, substantiaUy as good as 
20 with known isolation by drculators or separate isolators. 

; -iiie above phjecrt is achieved by a method for prese^^ 

power amplifier, liie power amplifier including a RP powCT output unit having a 
characteodstic drive level and fed by a supply volt^e, comprising measuring the output 
voltage of the RP power output unit; comparing the measured output voltage to at least rae 
25 threshold voltage to prodiice a contrpl signal; and adapting the drive level or the supply 



voltage of the RF powear ou5>ut unit by means of the control signal to operate the output unit 
below its saturation leveL 

It is posdble to keep the RF power output unit, in particular the collector of 
the RF output transistor, out of saftxraiion by detecting the output voltage, in particular fihe 
30 peak mteimum collector voltage, of the KF power output unit an4 if necessary, by adapting 
the power amplifier drive level or the power an5>Efier sTjpply voltage, 

linearity of the power an^lifier. 

In a preferred embodiment of the above method wh^ power an^Iifier 
includes a variable gain preamplifier supplying the drive voltage to fhe RF power oulput unit. 
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the control signal is used to adapt the gain of the preamplifier. The variable gain preanoplifiQr 
is used to keep the RF poww output iinit out of sataration and thus preserving fho linearity of 
the RF power output unit 

In a preferred embodiment of the aboye method the control signal is combined 
5 with the gain control signal of the preamplifl^ which Is an advantageous way of feeding the 
control signal to then pre-amplifier. 

The above object is axddieved by a method for controlling an antenna circuit 
comprisiag a RP power amplifier and a matching circuit by preserv^ing linearity of a RP 
power amplifier, the power amplifier comprising aKF power output unit having a 
1 0 characteristic drive level and fed by a supply voltage source* con^jrising measuring the 
output voltage of the RF power output unit; conq>aring the measured output voltage to at 
least one thx^dd voltage to produce a control signals and adapting the output matching 
circuit by means of the contirol signal to operate the output unit below its satmation level 
It is possible to keep the RF power output unit, in partioular the collector of 
15 the KB output transistor* out of saturation by detecting the output voltage^ in particular the 
peak minimum collector voltage, of ibe RP power output unit 

lu a preferred embodimeat of the above method the adapting of the output 
matching circuit is done by changing either the magnitude or the phase of the impedance 
transform function. The advanta^us feature is that the magnitude and the phase ore 
20 controlled in order to preserve the linearity of the RF poww output unit 

In a preferred embodiment of the above mefliod the adapting of the output. 

matching cnuuit and the adapting of the supply voltage ate combined with a power amplifier 
efiEiciency optimization in ci^e of a multiple threshold detection by an analog-to-digital 
conv^er. The use of an analog-to-di^tal convert^ which may be a part of the base-band 
25 controller, allows aprecise adapting of ttte output matching chrouit and the supply voltage, 
hi a pref^ed embodiment of the above method the output voltage of the RF 
power output unit is rectified before being compared to the ftredhold voltage in order to have 
a direct influence on the opaating condition of the power amplifier. 

hi apre&xied embodiment of the above method the ou^ut voltege of tihie EJF 
30 power output unit is compared to the threshold voltage by means of an operational amplifier* 
The advantage is that the operational amplifier compares the output voltage to the threshold 
voltage and amplifies automatically the difference between the two compared voltages. 

In a preferred embodiment of the above method the output voltage of the RF 
power output unit is compared in at lea^t two parallel oper^onal amplifiers to threshold 
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voltages to prodoce at least t^o control sigdals, and wherein the at least two control signals 
are fed to the base-band oontroll^. The use of at leaat two parallel operational amplifiers 
enables to deteamine more accurately the nuxmniim collector voltage in order to ptea^e the 
linearily of the RF power output unit. 

5 In a preferred embodiment of the above method the at least two threshold 

voltages have different voltage levels. The different voltage levels of the at least two 
threshold voltages enable to determine the minimum collector voltage of the RF power 
output uDit in order to preserve the linearity of the RF power ou^ut unit, 

In a preferred embodiment of the above method the supply voltage is adapted 

10 by a programmable DC-DC converter controlled by a base-band controller which is fed by 
the control signaL A programmable DC-DC converter controlled by a base-band controller ia 
an advarrtageous way for a mpply voltage adaptation. 

The above object is achieved by a circuit for preserving linearity of a RP 
power amplifier \«^erein the power amplifier includes a RF power output unit having a 

15 oharactoristlc drive levels comprising a measuring uuit measuring the output voltage of the 
RF power output unit; a comparing unit comparing the measured output voltage of the RF 
power output unit to a tiireshold voltage to produce a coutcol sigual; a drive level adaptation 
unit adapting the drive level of the RF power output unit or a supply voltage adi^tation unit 
adapting a supply voltage of the RF power output unit to operate the output unit below its 

20 saturation level &r preserving linearity of the RF power anaplifier. 

. s r V ^ v-** It is possibleto^ceepthe-KF-power output^ 

the RF output traosistort out of saturation by detecting the output voltage in paraoular the 
peak TryiniTmini collector voltage, of the RF pow«: output unit This wiH preserve flie linearity 
of the power amplifier. 

25 In a prefened embodiment of the above drcuit the power amplifier includes a 

variable gain prBampIifier supplying the drive voltage to the BF power output unit? and 
wherdn the control sigual is fbd &am the con^aiing unit to the preamplifier to adapt the gain 
of the preamplifier. The variable gain preamplifia is used to keep tihe RF power output unit 
out of saturation and thus preserving the linearity of the RF powCT output unit 

30 Ih a prefmed embodiment of the above circuit a combicdng drcuit is provided 

between the comparing unit and the preamplifier combiniug fiie control sigoal with the gam 
control signal of the pxeanxpHfier. 

The above object is achieved by a circuit for stabiUzkg an antenna drcuit 
conqjrising a RF power amplifier and amatching drcuit wherein the RF power an^lifier 
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comprises aRFpoweroiiJpirttimtljavingaclJfiraot^^ comprising a measuring 

unit mfiasuring the oulput voltage of the KF power output imlt; a cowparing unit comparing 
tiie measured ou^ttt voltage of the RF power output unit to a threshold voltage to produce a 
control signal; a drive level adaptation unit ad^ting the output matching circuit by means of 
5 the control signal thereby adapting the drive level of the RF power oulput unit to operate the 
RP output unit below its saturation level &r preserving linearity of the RF power amplifier. 

It is possible to keep the RF power output unit, in particular the collector of 
the RF output transistor, out of saturation by detecting the output voltage, in particular the 
peafe minimum collector voltage, of the RF power output imit and. If necessary, by adapting 
10 the power amplifier output matching oiiouit This will preserve the linearity of the power 
ampliflty. 

M a preferred embodiment of the above oircuit the output Tv^fti«TiiTTg circuit is 
configured to be adaptable with respect to either fiie magnitude or the phase of its in^edance 
transform function. The advantageous feature of the output matcWng circuit is that the 
15 magnitude and the phase are controlled independent^ in order to prese^e the lineanhy of tte 
RF powo: ou^mt unit 

In aprefened earibodimOTt of the above drcuit a rectifiar is provided betweem 
the RF pow^ ou^ttt unit and the comparing unit 

In a preferral embodiment of tine above oiroiiit the contparing unit comprises 
20 an operational amplifier. 

-- - ^ap»feraedembodimfiat of die above, oinautat least two parallel ope^ 

anqplifieis are provided to produce at least two control aub-slgnal% and wherein fbe at least 
two control sub-signals ate fed to the RP power oulput unit aSspt fha gafa thereof 

In aprefecced embodunent of the above drcuit the at least two throahold 
25 voltages have different voltage levels. 

In a preferred enibodimsnt of &.e above drcuit there aro provided a DC-DC 
conv^ier providhig the si^y voltage to the RF power output uni^ and a base4>azul 
controll^ betweai fba comparing unit and the DC-DC com^-erter whioh tmse-band controller 
is fed by the control signal whereby the supply voltage is adapted. 
30 hx a prefbrted embodiment of the above oiicoit the oiatput mflt chi>g ftfrcnit 

comprises at least one load switching drcuit. 

In a preferred embodiment of the above oironit the lead switching circuit 
comprises at least one PIN diode and at least one cmront souroe. A load switching drcuit that 
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oonsiste of one or more HNT diodes is particularly suited for adaptation of tho ou^ut 
xaatohing circuit 

The advaitfages of the drciiita according to the inv^on and of the preferred 
eznbodimeiats thereof havie been discussed above m coxmectiQCi with the methods according to 
5 the invention and of the preferred embodiments thereof 

The method of collector voltage detection can be used fyr linear power 
anrplifier's as used in CDMA^ W-CDMA and Edge phones. The parameter to adapt (supply 
voltage, output match or power drive level) is, in principle, indqpendent of the ^pHcation. 
However, in GSM/Bdge it is coimnon to use a power control loop. Therefbre, the proposed 
10 detection method can more easily be combined with input drive level adaptation than for the 
other systems. 

These and various other advantages and features of novelty which dharacterize 
the present invention are pointed out with particularity in tiiie olahns annexed hereto and 
forming a part hereof. However* for a better unda^tanding of the inveqcition, its advantages, 
XS and the object obtained by ite use, reference should be made to the drawings which fbmi a 
fUrth^ part hereof, and to ihe accompanying descriptive matter in which there are illustrated 
and described preferred embodiments of the preset invention. 



20 Figure 1 shows a prior art block diagram of a power source isolated with a 

dfepulator ftpnii anngmaltohed anten^^ .... , : , 

Fi^jre 2 shows a prior art power anoj)Iifier without a cir^ 

Hgure 3 shows a block diagram of a power source of an antenna circuit for a 

basic discussion of collector voltage saturation; 
25 Pigoie 4 shows a block diagram of a power source of an antenna circuit 



according io a first embodiment of the invention: 

Figure 5 shows a block diagram of a power source of an antenna circuit 
according to a second embodiment of the invention; 

Figure 6 shows a block diagram of a power source of an antenna circuit 
30 according to a third embodiment of the invention; and 

Figure 7 shows a block diagram of a power source of an antenna ciccuit 
according to a forth embodiment of the inventioiL 



015 17. 09.2002 15:4f 



^ 17.09,2002 
Figures shows ablodkdiagramofapower source of an antemacirciiit having 
a power amplifier and a matching circuit. The power amplifier that is suppojsed to be just 
Knear eaou^ at maximum output pow^ level at a SO Ohm antenna impedance, becomes 
non-Hnear under antenna mfeimatGh conditions. As can be seen fiom Figure 3, a main cause 
5 of distortion under antenna tnisniabdi conditions is due to collector voltage saturation at the 
final stage. Collector voltage saturation of the RP-transistor occurs when the collector load 
impedance is relatively high in combination with high ouQjut power levels. The amoimt of 
saturation depends on the magnitude and phase of the anteuna reflection coefficient Tant and 
on losses in the matching network. 

10 The invention is based on the findings that the RP-transistor collector can be 

kept out of saturation if Qie minimum peak voltage at flie collector is detect, the detected 
voltage is compared with a minfmum allowable reference value and the gain of the power 
amplifier is reduced (adapted) to a level that just avoids ''collector voltage underflow'^ 
conditions without re-introducing distortion, or increase the supply voltage of the power 

15 amplifier to a level that just avoids "collector voltage underflow" conditions by steering, 

preferably via the ba^e-band controller, a DC-DC converter that supplies flie power amplifiOT, 
or change the matcihing network between power anq)lifier and anterma under "collector 
voltage underflow" conditions to reduce the load impedance of the collector Goad switch). 
Figure 4 shows ablock diagram of apower source of an antenna circuit 

20 accoiding to a first embodimeat of the present invention. The embodhnent comprises a driver 

2 connected.with4ts output terminal to abasaJmninalof atransistor4.jitLfl^ . 

of the transistor 4 is cpnnectod to ground. A collector luminal of the transistor 4 is connected 
to an inductance 6, a matching circuit 8 and a threshold detection unit 16. The otk&: side of 
the inductance 6 is connected to a supply voltage V^^. The matching cfrcuit 8 is connected to 

25 an antenna 10 and with another temiinal to ground. The direshold detection unit is connected 
to an addition point 1 8» The result of the addition point 18 is fed to the driv^ 2. The 
threshold detection unit 16 comprises a rectifier 12 connected on one side to the collector of 
the transistor 4 and on tlie other side to a minus terminal of an operational amplifier 14» A 
plus terminal of flie operational amplifier 14 is connected to a ref^arenoe voltage Vi^f which is 

30 equal to a Trriniim i m collector voltage Vcoijam- The output of &e operational amplifier 14 is 
connected to the minus terminal of the addition point 1 8. The rectifier 12 rectifies the voltage 
at the collector tranmal of flie tranastor 4 and feeds the rectified voltage to the minus 
temrfnal of the operational ampJifiw 14. The operational amplifier foxms the differedace 
between the lectLfled voltage of flie rectifier 12 and the reference voltage at the plus temiinal 
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of operational amplifier 14. The amplified output voltage of the operational amplifier 14 is 
fed to the addition point 1 S . The addition poim 1 8 farms the dififerenee betweeai the output 
voltage of the operational amplifier 14, which is subtracted from the positive output signal of 
the gain control. The differential signal is fed to the driver 2. Depending on the differ^tial 

5 signal of addition point 18 the driver controls ihe RF-voltage at the has© (drive level) of liie 
transistor 4. By detecting the collector voltage and reducing fee gain of the transistor 4 the 
tranaistor 4 mil be kept out of saturation. 

Figure 5 shows a block diagram of a power source of an antenna circuit 
according to a second embodinxent of the invention. The embodiment conjprlses a driver 22 

10 controlled by a gain control 44, connected to a base temdnal of a transistor 24. An emitter 
terminal of the transistor 24 is connected to ground. A collector terminal of the transistor 24 
is connected to an inductance 26^ a matching circuit 28 and a ttireshold detection unit 36, The 
matching circuit 28 is connected to an antenna 30 radiating radiated power P^d' Anotiier 
terminal of the matching circuit is connected to ground. The threshold detection unit 

15 comprises a rectifier 32 cormected on one side to the collector terminal of the transistor 24 
and on the other aide connected to a minus tenninal of an operational amplifier 34. The 
rectifier 32 rectifies the collector voltage of transistor 24 and feeds the rectified voltage to the 
minus terminal of operational amplifier 34, A plus tOTninal of the transistor 34 is connected 
to a reference voltage Vter equal to a minimum collector voltage Vcoi^pssi. The operational 

20 amplifier 34 arr^lifies the difl^rence between the rectified collector voltage and the refoence 

- V '/voltage; The amplified differential voltage is fed from the op^atiorml amplifier 34 of fiie 
threshold detection unit 36 to a base band contcoller 38. The base band controller 38 controls 
a DC/DC converter 40. The DC/DC ccnwerter 40 is connected on one side to a battery 
voltage Vbac 42, Another termioal of the DC/DC converter 40 is connected to the other side of 
the fa dnctflnce 26. The DC/DC converter 40 smmlies the supply voltage via the 



inductance 26 to the collector of the transistor 24. 

In the ^bodiment of figure 5, the collector voltage of transistor 24 is detected 
by the threshold detection unit 36, and below a given flnt^Id the DC/DC converter 40 
provides an ou^ut voltage which is increased to keep transistor 24 out of saturation. The 
30 linearity preserving control loop compdsing the threshold detectiim unit 36^ the base band 
controller 38, the DC/DC converter 40 and the inductance 26 is also used as an efficiency 
optimization loop. At low output power levels of the transistor 24 the loop sets the DC/DC 
conv^er 40 to the conesp onding minimum supply voltage and thus optimizes effioienoy. 
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Kgure 6 shows a block diagram of a power source of an antenna circuit 
aocordhig to a tiurd embodiment of the invention. The embodiment of figqie 6 is rather 
similar to IJie embodiment of figure 5. Therefore equal parts have equal numbers. The 
diff^ences between figure 6 and figure 5 are a differesnt threshold detection unit 52 and a 
5 different base baod controller 54. The threshold detection unit 52 comprises a rectifier 46 
connected on one side to the collector of the transistor 24 and on the other side to the mimt^ 
terminal of an operational amplifier 48 and to a minus terminal of an operational amplifier 
50. The rectifier 46 rectifies the collector voltage of transistor 24 like the rectifier 32 in figtue 
5. The rectified voltage is fed to two operational amplifiers 48 and 50. The two operational 
10 ampKfiersi 48 and 50 have different reference voltages connected to their plus tamiaals. The 
operational anqslifii^ 48 is connected to a r^^ice voltage Vx^ equal to 0.5 V and the phis 
termhial of the operational antplifier 50 is connected to a referance voltage Vie^^ eqnal to 1 V. 
The amplified differential voltage belween the rectified vohage of rectifier 46 and the 
reference voltage is provided to file base band controller 54. The amplified differential signal 
15 X of ani^Hfier 48 and the amplified diff^ienfial voltage Y of amplifier 50 is fed to the base 
band contioller 54. The base band controller 54 has t«vo input tetminals fbr the two different 
amplified di jSferential voltages X and Y. The base band controller 54 controls the DC/DC 
converter 40 d^ending on the voltages X and Y. 

In the embodiment shown in Mgure 6, several threshold levels mstead of one 
20 threshold level in Hgmre 5^ axe used to determine more accurately the minimum collector 

voltage in order to adaptthe supply voltage* Mgure 6 shows a minimnm configuration iiiat 

allows the optimi^on of elfidency as well as linearity. Table 3 shows fii&fbree levels that 
can be distingtiidied. 

25 Tables 



X 


Y 


CondiflMi 


Remark 


0 


0 


VcoljHUn > 1 V 


Too hi^ for good ofQciency 


0 


1 


0.5V<Vc(.Ontn<lV 


Optnaum 


I 


1 


V«rfj,rf„<0.5V 


Too low &r good lineariQr 



The usage of an analogue detector output and an analogue to digital converter 
allows a more analogue control of the supply voltage. The settling time of the DC/DC 
30 converter should be sufficiently short. 
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The base band controller 54 can D$e ^oldf' threshold detection infoEtmation md 
the '^used" IxifonnatiotL on required output poweir to detetmine an optimmn output voltage 
value &x the DC/DC converter which might need adaptation when '"new'' threshold detection 
infonnation is collected. 

5 Figore 7 shows ablock diagram of apower source of an antenna circuit 

accoiding to a forth embodiment of the invention. The embodimmt comprises a drivCT 56 
controlled by a gain control 58 connected to a bias terminal of a transistor 62. An emitt^ 
terminal of the transistor 62 is connected to ground. A collector tenninal of transistor 62 is 
coimected to an inductance 60* a matching circuit 70 and a recMer 64 of a threshold 

10 detection unit 68. The other teixoinal of the inductance 60 is connected to a supply voltage 
Vsup. The rectifier 64 rectifies the voltage at the collector terminal of transistor 62. The 
rectified voltage is fed to an minus tenninal of an operational amplifier 66, A reference 
voltage Vrtf equal to a minimum collector voltage Vcoijnnin is connected to a plus tenninal of 
the operational amplifier 66. The operational amplifier amplifies the difference between the 

15 rectified voltage and the reference voltage VW. The amplified differential voltage is fed to the 
matching circuit 70. Another tenninal of the matohiDS circuit 70 is connected to an antenna 
72 radiating the power Prad. 

The tinreshold detection unit detects the collector voltage of the transistor 62 
and the rn^fa'xig circuit 70 is changed below a given flireshold to keep the transistor 62 out 

20 of saturation. the matching drcuit 70 either the magnitude or the phase of impedance 
... ^. infonnation between^theoutput^i^ 62 and theinput impeidance .ofihe..^. 

antemia can be (Ranged and vice versa. 

A relativGly simple adaptation mechanism changing Hie magoitude rather than 
the phase can be realized by means of a load switch cbangmg the collector impedance fi^om 

25 high to low when voltage underflow occurs. This load switch can be built up witb a Pin diode 



and a current source. A smoother control can be obtained by using multiple threshold 
detection and by more than one switch. An advantage of ad^tation of the output matching is 
tbat a relatively large radiated output power can be obtained under antenna mismatch 
conditions while maintaining linearity^ 
30 An implementaiion with multiple threshold detection levels and multiple 

switches can also be used to optimize the efficiency. The load line shall be increased to a 
irrpi r^Tinifiri allowable collector peak voltage. 

New characteristics and advantages of the invention covered by this document have been set 
fortti in the fijxegoing description. It win be understood, however, that this disclosure is, in 
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many respects, only illustrative. Changes may be madd in details, patticakxly in masters of 
shap(^ sizsb axid aizangemeat of partsf, without 6x;cee4ing the scope of the invendon. The 
scope of the iavenlion is defined in the laDgoage in which tbe amended claims ajre expressed. 
The word "c<»nprismg" does not exclude the presence of o&er dements or steps than those 
S listed in a claim, and "a" or "an" does not exclude a plurality. 
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CLAIMS: 



I . A mettiod for preserving lineatity of a RP powef amplifier, the power 

amplifier inoludiijg a RF power output unit having a oharacteristio drive level and fed by a 

si^ly vottagei oonqirising: 

measuring the output voltage of the RF power output uniti 
5 cotnparing tbue meBsoied output voltage to at least one tiireshold voltage to 

poroduoe a control signal; and 

adapting the drive level or the supply voltage of the BP power oufput unit by 
means of the control dgoal to operate the output unit below its sataiadon leveL 

10 2. The mettiod of <daim 1, wherein the power acnpUfier includes a variable gain 

prean^lifier supplying the drive voltage to flie RP power output unit and wherein the control 
signal is used to adapt the gain of the preamplifi^. 

3. The melhodofclaim 2, wherein the control signal is combined wiflxth^ 
15 . control signal of the.preanqjlifier. 

" i'- " Am^d'i^obnfiolilmgWa^^^ 

and a matcWng cirouit by preserving linearity of a KP power an5>lifi«r, the power an^lifier 
comprising a RF power output unit having a characteristic drive level and fcd by a supply 
20 voltage source, comprising: 

tffeasuringih^nipi3tv<dtag&ijfAfi^power-0u^u*flmt| 

comparing the measured output voltage to at least one thre^ld voltage to 

produce a control signal; and 

adapting the output matching circuit by means of the coutiol signal to operate 

25 the output unit below its saturation level. 



5 The method of claim 4, wherein the adapting of the outpot matching circuit is 

done by changing either the magnitude or the phase of the impedance transfonn Amotion. 
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6; The metfaod of claim 4, whereiix tlie adapting of the output matohing circuit 

aad the adapting of the supply voltage are combined with a power amplifier efSdency 
optimizatioii in case of a multiple threshold detection by an analog-to-digital converter. 

S 7. The method of claim 1 or 4, wherein the output voltage of the RP power 

output unit is rectified before being compared to the threshold voltage, 

8, The method of claim 1 or 4, wherein the output voltage of the RP power 

output unit is compared to the ihreshold voltage by means of an operational amplifier. 



10 



15 



^- The method of clabn 8, Therein fihe output voltage of the RP power output 

unit Is compared in at least two parallel operational ampMers to threshold voltages to 
produce at least two control signals, and wheErean the at least two control signals are fed to the 
base-band controller. 

10. The method of claim 9, wherein the at least two ihreshold voltages have 

different voltage levels. 



1 1. The method of claim 1 or 4, wh^n tiie supply voltage is adapted by a 
20 programmable DC-DC converter oonteolled by a base-band controller which is fed by the 
• control signaL • 



12. A circuit for preserving linearity of a RP power amplifier wherein the power 

amplifier inchides a BP powar output unit having a characteristic drive level, comprising 
25 ameasudug unit measuring the output voltage of the RF power ou^ut trnit; 

a comparing unit comparing the measured output voltage of the BP power 
output unit to a threshold voltage to produce a control signal; 

a drive level adaptation unit adapting the drive level of the RP power output 
unit or a supply voltage adaptation unit adapting a supply voltage of the RP power output unit 
30 to operate the output unit below its saturation level for preserving linearity of the RP power 
amplifier. 
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13. The czronit of claim 12» wherein the power amplM^ includes a variable gain 
pzedmpU:fier stipplying the drive voltage to the RF power output unit; and wh^rdn the control 
^gnal is fed &am the comparing unit to 1k& preamplifier to adapt the gain of the preamplifier. 

14. The oirciiit of claim 13, comprising a combining circuit betvcreea the 
comparing unit and the preamplifier combining the control signal with the gain control signal 
ofthepr^toplifier. 



15. A circuit for stabilizing an antemia circuit comprising a RF power amplifier 
1 0 and a matching circuit, wherein the KF power amplifier comprises a RF power output unit 

having a characteristio drive level, comprising 

a measuring unit measuring the output voltage of the 3RP power output unit; 

a comparing unit compaiing the measured output voltage of the KF power 
output unit to a threshold voltage to produce a control signal; 
15 a drive level adaptation unit adapting the output matching circuit by means of 

the control signal thereby adapting the drive level of the RJF power output unit to operate the 
RF output unit below its saturation level for preserving linearity of the RF power amplifier, 

16. The circuit of claim 15^ wherem the output matehing circuit is configured to 
20 beadspt8a>lewithrespecttoeitherftLenmgaitudeorthepha^ 



17, The drouit of clahn 12 or 15, comprising a rectifier between the RF power 

output unit and the con^>aring unit 

25 

18^ The circuit of claim 12 or 15, wherein the comparing unit cottq>risea an 

operational amplifier. 

19, The circuit of claim 18, conrprising at 1^ two parallel operational amplifiera 

30 to produce at least two control sub-signals, and wherdn the at least two control sub-signals 
are fed to a base-band controller to adapt the gain of the RF power output unit to adapt the 
gain thereof 



20, 



An^paratuscOmpriidngacirciiitaselaimedinanyGnaeof 12 to 19. 
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ABSTEIACT: 



A method aad circuit for preserving linearity of a RP power ampUfi^, the 
power amplifier iricludixig a RF power oufeut vxdt (4, 24, 62) having a cliaraotedstic drive 
level and fed by a supply voltage^ con^sing m&maing the output voltage of the RF power 
ou^ut unit (4, 24, 62); compariiig tbe measured output voltage to at least one tbresbold 
5 voltage to produce a contzol signal; and adapting the drive level orthe simply voltage of the 
RF power output (4» 24» 62) unit by means of the control signal to operate tbe ou^ut luiit 
below its saturation level. A method and circuit for stabili2±ag an antemia drcuit comprising 
a RF power ampBfiw and a matching circuit by pr^erving linearity of a RP power amplifier* 
where the above power amplifier is used. 

10 

Fig.4 



PHNLjQ20BB6 



24 17.09.2002 15:5 



1/3 



Ppefljource ILj^atch '^refLcirc ILci,.^ ^rCant 




Prad 



PfBfljource Hygateh 



Prefljant 



V 



source 



^source 



f ! 



Zo 



Matching 
Circuit 



60UrC9 



inc arrt 



FIG. 2 



'fiUp 



yP 



inducer 



^source 



If Power 



f^cj 



Circus 



source 



inc^ant 



Coflector voltage « Vgyp + V tource'*' ^ source • 



'sup 
ov 




RF- envelope 



ycolmln^Vgat NPN 



FIG. 3 



PHNIJD20886 



,025 17.09.2002 15:52 



Qain 
control 



18 



2/3 



'sup 



'6 



V+ 



source 



Circuit 



J >4 1 12 



I 



]^$^J^^coynin 
16 



FIG. 4 



''rad 



22 



-6 

V 



source 



''source 



Gain 
control 

44 



28 



40 

- fWl-|Vb at 
"^^42 



Circuit 



'30 



Vref-Vcoijnjn 

r*'" 

36 



Base-Band 
Controller 



r 

38 



FIG. 5 



L I ■ OU-I t UUUU AU Ul- « ^ 

PHNL020886 



26 17.09.2002 15:51 



22 



Gain 
control 

44 



66 



Q£on 
control 

68 



3/3 



V, 



sup 



:-26 



^sourcB 



^source 



28 



Grcult 



-80 



Ihr^h'olddetecton] 



&!v^48 




36 



FIG. 6 



'sup 



40 



^42 




:-60 

V 



source 



^source 



70 



Matching 
Circuit 



r^Z i -W-l TRfesfiold"deticfion| 
I fs<6e_ * 



68 



FIG. 7 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



kf BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

^^JNES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




